Multiple or Single Duplication Events Leading to the Emergence of a Novel Genotype of Respiratory Syncytial Virus
To the Editor-Respiratory syncytial virus (RSV) is a major cause of severe lower respiratory tract infections such as bronchiolitis and pneumonia in infants and young children [1] . The virus can be classified into 2 subgroups, A and B, and further divided into genotypes based on the genetic sequence of the G gene. In 2012, a novel genotype known as ON1, which is characterized by a 72-nucleotide duplication in its G gene, was reported [2] . The ON1 virus has prevailed in many parts of the world, becoming the predominant genotype of the virus [3] . It remains unknown how the genotype was first generated and how it has come to dominate.
A recent report in The Journal of Infectious Diseases by Comas-García et al suggested that there were multiple duplication events leading to at least 3 independent emergences of the ON1 virus from its ancestral genotype, GA2 [4] . This conclusion was based on an amino-acid sequence motif, in particular, amino-acid positions 273 and 274 in the G gene. Here, we describe the amino-acid sequence motif at these positions as "XX" for the GA2 genotype and "XXXX" for the ON1 genotype; the sites were duplicated in the ON1. ComasGarcía et al found 4 patterns among the GA2 viruses (NL, NP, YP, and YL) and 3 patterns among the ON1 viruses (NPNP, YPYP, and YLYL). Based on these findings, they suggested that 3 independent events led to the emergence of the ON1 genotype: from NP to NPNP, from YP to YPYP, and from YL to YLYL. In our phylogenetic analysis, a tree was constructed using only amino-acid sequences in the duplicated region including the motif (a total of 23 sites; Figure 1 , left panel), and the results initially supported this theory.
However, the analysis raised a concern. The length of the sequence is too short to deduce the evolutionary pathway of the virus. Actually, YPYP and YLYL viruses cluster into a monophyletic group in the phylogenetic tree constructed by ComasGarcía et al [4] . Although they did not describe the phylogenetic model they used, we also confirmed that the YPYP and YLYL viruses shared a common ancestor after divergence from the YL viruses (the GA2 genotype) based on a maximum-likelihood tree created using not only the short amino-acid motif but also the nucleotide sequence of the entire G gene (Figure 1 , right panel). The same tree topology was confirmed using other phylogenetic models, including a neighbor-joining tree and an UPGMA tree (data not shown). Based on these results, it is more likely that the ON1 genotype was generated as a result of a single duplication event. Thereafter, the polymorphism YPYP/YLYL was generated. It is still intriguing to see that the polymorphism YP/YL was retained both before and after the duplication event. The site could be under positive selection pressure.
It should be noted that the NPNP virus (RSVA/Homo sapiens/JOR/A0215/2011) was generated from NP viruses by an independent duplication event, which can be clearly distinguished from the duplication event leading to the emergence of YPYP and YLYL viruses. Although the NPNP virus possesses the same duplication site, we suggest that it should not be classified as the ON1 but as the GA2 genotype. We agree that the 72-nucleotide duplication site is a characteristic feature of the ON1 virus; however, the presence of the duplication site is not definitive of the genotype. Each genotype encompasses a group of individual viruses within a close genetic distance; the NPNP virus does not have the ON1 genotype, given its close distance to NL, NP, YP, and YL viruses (all have the GA2 genotype) and a clear distinction from YPYP and YLYL viruses (Figure 1 , right panel).
Although we do not agree with the theory that there were multiple duplication events leading to 3 independent emergences of the ON1 genotype, importance to elucidate the mechanismsunderlying how and why the duplicationoccurred in the G gene will notdecrease. In addition to the duplication event that resulted in the emergence of the ON1 genotype, the NPNP virus was generated by an independent duplication event. The duplication of a part of the G gene has also been reported in the RSV subgroup B and in other members of the Paramyxoviridae family (eg, human metapneumovirus) [5] [6] [7] . Further study is needed to elucidate the evolutionary, virological, and clinical significance of this duplication. The phylogenetic tree in the left panel was constructed using an amino-acid sequence in the duplication region. For strains possessing the duplication, the sequence was divided into 2 parts: the N-terminus (-N) and C-terminus (-C). The phylogenetic tree in the right panel was constructed using the nucleotide sequence of the entire G gene. In both trees, the dataset was the same as that used by Comas-García et al [4] . The deduced evolutionary pathway shows a schematic view of evolutionary order based on the phylogenetic analyses above. Exclamation marks indicate duplication events leading to the emergence of the ON1 genotype. 
Reply to Furuse
To the Editor-We thank Furuse for his correspondence [1] . Respiratory syncytial virus (RSV) is a leading cause of respiratory infections worldwide. Since its isolation in 1956, the genetic diversity of this virus has increased. A remarkable change observed in this virus over the last 2 decades is the duplication of a fragment of the G gene, resulting in the RSV-B BA and RSV-A ON1 genotypes. The latter is characterized by a tandem, in-frame, 72-nucleotide duplication in the C-terminal region of the G gene.
To date, at least 14 different RSV-A genotypes have been reported, but there is no consensus on a systematic methodology to classify them. Recently, Trento et al proposed a new methodology and sorted RSV-A viruses into 7 genotypes; in this scheme, NA1, NA2, NA4, and ON1 genotypes were included into the GA2 genotype [2] . As such, all RSV-A viruses with the 72-nucleotide duplication described to date (including those originally described in Ontario, and those detected by us in Mexico dating from 2009) emerged from and could be considered part of the GA2 genotype. Despite this, because a 72-nucleotide insertion in the G protein gene supposes a major change to the virus genome, whose evolutionary and functional consequences remain unknown, ON1 viruses have been widely referred to as a distinct genotype. Based on this, in our recent report we identified viruses with the 72-nucleotide duplication as ON1 viruses [3] .
We propose that signature amino-acid combinations (YP, YL, NP) identify at least 3 duplication events that resulted in ON1 viruses. Furuse's communication is in agreement with us that such duplication did not occur as a single event but suggests that all ON1 viruses that are currently distributed globally (except a distinct virus, NPNP, identified in Jordan) are the result of a single duplication event that, subsequently, has resulted in 2 clades [1] . He suggests that YPYP-ON1 viruses emerged from a YL-GA2 virus and, subsequently, YLYL-ON1 viruses evolved from YPYP-ON1 viruses.
To assess Furuse's hypothesis, we carried out additional phylogenetic analyses including the full G gene sequences used in our article and sequences that were not included at the time of our original analysis (Figure 1) . In accordance with our previous results, the new analysis shows that YPYP-ON1 and YLYL-ON1 viruses diverge into separate clades (reliability of 74%); the results do not show that YLYL strains derive from YPYP strains. These results support the notion of multiple duplication events. Of note, the oldest ON1 strains reported to date, including those isolated in San Luis Potosí, Mexico (December 2009), Panama (October 2010), and Canada (November 2010), all have the YLYL motif. Taking this into account, we propose that the first duplication event happened from a GA2-YL strain. A second duplicative event that gave rise to the YPYP motif is likely to have occurred later because the oldest GA2-YP strain was detected in 2010 and the oldest ON1-YPYP strains date from 2012. Inclusion of additional sequences in our analyses showed that, although less frequent than YPYP and YLYL, viruses with other signatures (such as HPYP, YLHP) have been identified; these are likely the result of a continuous diversification process.
In our article and this communication, we propose that the emergence of RSV-A ON1 viruses is the result of a dynamic process and not a single event. This hypothesis is consistent with the report of Schobell et al, who suggested that a G gene duplication independent from the one leading to the ON1 genotype occurred in Tennessee in 2011 within the GA2 clade (denominated TN1 genotype) [4] .
Of interest, in Figure 1 we observe that there are 2 GA2 viruses with the YP motif (KJ627737 and KU950626) clustered inside the most recent ON1 clade, which has the YPYP motif. This observation suggests not only that GA2 viruses might develop a partial duplication but also that some ON1 viruses could lose it. The idea of a dynamic process of gain-loss of G gene duplication is supported by a recent sequence analysis of sequential samples obtained from patients with prolonged RSV-A ON1 virus infections that showed evidence of loss of the 72-nucleotide duplication in 6 subjects [5] .
In summary, we propose that emergence of RSV-A viruses with a 72-nucleotide duplication is a dynamic process that did not result from a single event and that subsequent loss of this duplication is also possible. Because of the importance of RSV as a cause of respiratory infections, understanding the mechanisms leading to these events is of relevance.
